In the fast-growing Rhiaobium species, repeated UNA sequences, which include the promoter region of the niftiXX. operon have been described. These repeated sequences are promoters which specifically activate transcription in the endosymbiotic state. Hybridization analysis of these sequences from R. trifolii has revealed that they may be involved in the species-specific activation of the various genes whose transcription they promote. Comparative analysis of various copies of these repeated sequences, from R. trifolii (the clover symbiont) and R. meliloti (the alfalfa symbiont), reveals the presence of domains of intra-and interspecific conservation within the promoter regions.
INTRODUCTION
The host-specific Interactions of the Rhiaobium-legume symbiosis have been studied extensively.
Whilst most studies of host specificity have been concerned with the initial interaction of the symbionts (nodulation), the molecular basis of such interactions has not been defined. However, Vincent
(1) noted that: "specificity becomes even more apparent when effectiveness of nitrogen fixation, and not merely nodule-forming ability is considered".
A specific class of Rhiadbium repeated promoters, which activate transcription in the endosymbiotic state, has been described.
R-meliloti
repeated promoters have been characterized at the UNA sequence level (2).
These promoter sequences were shown by SI nuclease-protection experiments to activate gene expression only in the endosymbiotic state (2) . Hybridization analysis indicated that these promoters were conserved in various fastgrowing Rhiaobium species.
Similar repeated DNA sequences have been characterized in R, trifolii (3) . DNA sequence analysis indicated that these repeats constitute a family of promoters similar to those described in R. meliloti. However, hybridization analysis of the R-trifolii repeated promoter sequences demonstrated that they were species specific. Accordingly, we proposed a model which accounts for the available genetic data relating to the species specificity of nitrogen fixation (3) . According to this model, the appropriate speciesspecific, repeated promoter sequence is required for expression of the ni/HDK genes (and other repeated promoter-activated symbiotic genes) by the appropriate fast-growing Rhizobium species which effectively nodulates a given host plant.
This paper addresses the molecular basis of host-specific interactions that occur In the later stages of the symbiosis and which appear to be specifically regulated via the Rhisobium repeated promoter sequences.
Intra-and inter-species comparisons reveal conserved domains within these promoter regions which may be involved in general, nif-specific as well as species-specific activation of symbiotic gene expression. The results derived in this paper are consistent with the model for species-specific activation of symbiotic genes and also with hitherto unexplained molecular data obtained from the analysis of other nif gene promoters.
RESULTS
To facilitate the analysis of the repeated promoter sequences of Rhizobium the Align computer program (A), based on the Needleman and Wunsch algorithm (5), was used. Numerically-based comparative analyses remove possible operator bias.
Comparison of the R-trifolii and R-meliloti repeated sequences
Previously, repeated promoter sequences of either R. trifolii (3) or R meliloti (2) have been compared. However, the ability to perform both intra-and inter-species comparisons has only become possible with the availability of data from both species. The data sets used include the R-trifolii repeated sequence (RtRS) copies designated RtRSl, 2 and 3 (3).
The RtRSl sequence is the niftiOH promoter region of R. trifolii strain
ANU843.
The sequence of the ni/UDK promoter region of R. trifolii strain SU329 was also used (6) . The four R-maliloti sequences analysed are designated RmPl, P2, P3 and PA (2) . The RraPl sequence is the rti/UDK pronoter region of R-meliloti strain 102F3A.
The definitions used for designating a particular nucleotide as either ni/-specific (N or n) or species-specific (S or s) are given in Figure 1 .
This figure shows the alignment of the eight sequences analysed in this study along with their nucleotide classification using the above system. Rt3?9nifHDK GGCCTCTTCAG GAGCGACA GA T GTGACC AG TTGTC GTCACCTTTGTCG  RtRS3  GGCTTCTTCAG GGGCACCATGACAT ATGTGCGACATTGTC GTC GCTTTGTCG  RtRS?  TGTCTCTTCAG GATACTCACGACAT GTGTGCGACATTGTC GTCAACTTTGTCG  RtRSlnifHDK  TTTCTCTTCAG GAGCAACATGACAT GTGTCCGACATTGTC Sequences used are R. trifolii SU329 nifti (6), R. trifolii repeated sequence RtRSl, 2 and 3 (3) and ft. meliloti repeated sequences KmPl, P2, P3 and P4 (2) . The results of comparisons of nucleotides at specific positions are classified as follows:
at least seven of the eight residues at that position are conserved in both species. at least six of the eight residues at that position are conserved in both species. at least three of the four bases of one species are different from all of those of the second species. at least three of the four bases of one species are different from at least three of those of the second species. If all four bases are conserved within one species and the second species has two pairs of differing residues, these nucleotides are also defined as species specific.
However, if one of these pairs is the same as the four residues of the first species, that particular base could be defined as either species-or rti/-specific. In such Instances the nucleotide position is indicated by an x.
nif-specific species-specific nif-specific -170 there is no significant intra-or interspecific homology between the various Rhiadbium promoter sequences used in this study.
Conservation of nt/-speciflc sequences in nitrogen-fixing organisms
The presence of ni/-specific domains in Rhiadbium repeated promoters suggests that these domains may be present in the nif promoters of other nitrogen-fixing organisms.
Comparison of the R. trifolii and R. meliloti ni/HDK promoter sequences with those of the K. pneumoniae nifUDK (13, 14) and ni/lA (15) genes was undertaken. A comparison of these sequences is presented in figure 3 . The K. pneumoniae nifUDK promoter sequence is 39X
homologous with the R. trifolii rtt/hDK promoter and of these conserved bases 57Z are also nif specific, as previously determined by the analysis of the and niflA promoters also serves to confirm the regions of homology that are located upstream of the consensus -1U and -20 promoter elements. As seen in Mutation and transcription studies support the conclusion that the R. meliloti and R. trifolii repeated promoter sequences are involved in the regulation of symbiotic gene expression. Genes transcribed from the R. meliloti promoters PI, P2 and P3 are all expressed specifically in the symbiotic state (2) .
Moreover, the R. meliloti symbiotic regulatory gene described by Szeto et al . (21) has been shown to regulate transcription from at least the PI and P2 promoters. Analysis of R. msliloti mutants, carrying Tn5 insertions in the PI and P2 operons, indicates that these promoters regulate the expression of genes essential for nitrogen fixation. Nodules induced by P3 mutants, although effective (Fix + ), have an altered nodule morphology suggesting that the gene transcribed from P3 is also important in the symbiosis (39) . In R. trifolii , the repeated sequences RtRSl, 2 and 3 promote transcription of downstream sequences only in the symbiotic state (3, 40) .
The prediction of nif-and species-specific regulatory domains in Rhiaobiwn repeated promoters precedes the detailed understanding of the mechanisms of nif and ntr gene regulation in Rhizcbium.
however, much has been inferred from the analysis of either the R. meliloti niftiDH promoter in E. ooli (14) or by the analysis of nif regulation in K. pneumoniae (15, ly, 20,22) .
More recently, a nif regulatory gene of R. meliloti has been characterired (21, 41) .
This gene does not appear to influence growth on specific nitrogen substrates and thus is probably a nif -specific regulatory gene (21) .
Cloned multicopy K. pneumonias nif promoters inhibit nitrogen fixation in K. pneumoniae (16, 17) , presumably due to titration of either the nifk or ntrk gene products. At least four separate regions of K. pnewnoniae nif DNA are capable of inhibiting nitrogen fixation.
These regions correspond to the promoters of the nt/MDKY, rtt/USVM, nif LA. and nif&Q operons, suggesting that nif promoters contain binding sites for nif A and/or ntrk regulatory gene products. Similarly, cloned, multicopy /?. meliloti nifH promoter also inhibits nitrogen fixation in K. pneumonias (14) . Preliminary results from our laboratory (42) indicate that multicopy R. trifolii repeated sequences (RtRSl and RtRS2) also inhibit nitrogen fixation in wild-type R.
trifolii. This Inhibition may also be due to titration of the nifk or ntrk gene products and may occur at the rtt/-specific sequences identified in both Rhiaobium species and K. pneumonia*.
Alternatively, the presence of nif -specific consensus promoter sequences may imply a variant RHA polyme rase recognition sequence, thus enabling major changes in cell metabolic state to be mediated by the substitution of novel sigma factors.
Examples of specific sigma factors
